We study wave propagation in a rotating slow-light structure with mode degeneracy. The rotation effectively induces a super-structure that significantly modifies the structure's dispersion relation. Applications to ultra-sensitive integrated optical gyroscopes are discussed.
Introduction
An electromagnetic wave propagating along a circular path in a rotating medium accumulates additional phase shift which depends on the relation between the directions of the wave propagation and the medium rotation. This phase shift, known as the Sagnac effect, was recently studied in slow-wave structures consisting of a set of coupled microcavities [1, 2] . The study in [1] reveals a novel manifestation of the Sagnac effect, expressed via a new, rotation-dependent, dispersion relation. In [2] the application of a micro-ring based coupled resonator optical waveguide (CROW) for rotation sensing was studied, demonstrating a potential for significant sensitivity enhancement compared to the conventional Sagnac loops. Unlike the photonic crystal (PhC) cavities employed in [1] , microrings possess mode degeneracy (CW and CCW propagating modes with the same resonant frequency). Under rotation this difference has far-reaching ramifications on the physics of the entire CROW structure, a phenomenon which was left unexplored in previous works. Here we study the impact of mode degeneracy on the characteristics of rotating CROW structures. We reveal a novel effect -due to mode degeneracy, a rotation-induced super structure emerges in the CROW, resulting in the appearance of an additional forbidden gap in the center of the dispersion curve. In addition, our analysis is general and applies also to less transparent cases of modedegeneracy such as those encountered in PhC under rotation [3] [4] [5] . However, when the entire structure is rotating, each micro-ring undergoes a split of its resonant frequencies as shown in Fig. 1 . Thus, the relevant resonant frequency of the -th resonator shifts to 0 , so the rotation induces a periodic modulation of the CROW' properties. Similar super-structure may emerge in every CROW comprising resonators with mode-degeneracy [5] . To analyze the effect of the induced modulation, we start with the wave equation for the magnetic field modes of a general doubly-degenerate resonator ε is the dielectric structure of a single resonator. In the rotating frame (the CROW's rest frame), the wave equation describing the total magnetic field H Ω in the CROW is given by [ 
Splitting of Mode Degeneracy in a CROW
, ω is the frequency, ε is the dielectric structure of the entire CROW, and / r c β = Ω× . The effect of slow rotation has a completely negligible effect on the mode shape [8] , only the phase and resonant frequencies are affected [1] to that of a stationary CROW. A frequency gap is clearly seen. In addition, when closed into a loop, the induced super-structure causes the rightward and leftward propagating Bloch waves to accumulate different phase shifts, thus enhancing the ability of the structure to detect low rotation rates. In the talk, we will discuss the new phenomenon in details and present its potential use for ultra-sensitive rotation sensing. Gyroscopes consisting of linear CROWs as in Fig. 2 , or circular geometries as in Fig. 4 , will be discussed. 
